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What is claimed is: 

1 . An apparatus comprising: 

a first metal electrode layer; 

a metal nitride layer adjacent to the first metal electrode layer; 
a polymer ferroelectric layer adjacent to the metal nitride layer; 
a metal oxide layer adjacent to the polymer ferroelectric layer; and 
a second metal electrode layer adjacent to the metal oxide layer; 
wherein the metal nitride and metal oxide layers contain excess holes to recombine 
with electrons injected fi-om the first and second metal electrode layers. 

2. The apparatus of claim 1 wherein the first metal electrode layer and second metal 
electrode layer are tantalum. 

3. The apparatus of claim 1 wherein the polymer ferroelectric layer is polyvinylidene 
fluoride. 

4. The apparatus of claim 1 wherein the polymer ferroelectric layer is a polyvinylidene 
fluoride trifluoroethylene copolymer. 

5. The apparatus of claim 1 wherein the metal nitride layer is tantalum nitride. 

6. The apparatus of claim 5 wherein the tantalum nitride is doped with hafiiium to create 
excess holes in the tantalum nitride lattice. 
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7. The apparatus of claim 6 wherein the tantalum nitride has a hole density is 
approximately between 10^20/cm^3 and 10^21/cm^3. 

8. The apparatus of claim 5 wherein the tantalum nitride is deposited in the presence of 
excess nitrogen to create excess holes in the tantalum nitride lattice. 

9. The apparatus of claim 8 wherein the tantalum nitride has a hole density of 
approximately between 1.8*10^21/cm^3 and 5.4*1 0^2 l/cm^3. 

10. The apparatus of claim 1 wherein the metal oxide layer is tantalum oxide. 

11. The apparatus of claim 10 wherein the tantalum oxide layer is doped with hafiiium to 
create excess holes in the tantalum oxide lattice. 

12. The apparatus of claim 11 wherein the tantalum oxide has a hole density is 
approximately between 10^20/cm^3 and 10^21/cm'^3. 

13. The apparatus of claim 10 wherein the tantalum oxide layer is deposited in the 
presence of excess oxygen to create excess holes in the tantalum oxide lattice. 

14. The apparatus of claim 13 wherein the tantaliun oxide has a hole density of 
approximately between 7*10^21/cm^3 and 2.1*10^22/cm^3. 
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15. A method comprising: 

depositing a first metal electrode layer; 

depositing a metal nitride layer adjacent to the first metal electrode layer; 
depositing a polymer ferroelectric layer adjacent to the metal nitride layer; 
depositing a metal oxide layer adjacent to the polymer ferroelectric layer; and 
depositing a second metal electrode layer adjacent to the metal oxide layer; 
wherein the metal nitride and metal oxide layers contain excess holes to recombine 
with electrons injected fi-om the first and second metal electrode layers 

16. The method of claim 15 wherein the first metal electrode layer and second metal 
electrode layer are tantalum. 

17. The method of claim 15 wherein the polymer ferroelectric layer is polyvinyUdene 
fluoride. 

18. The method of claim 15 wherein the polymer ferroelectric layer is a polyvinyUdene 
fluoride trifluoroethylene copolymer. 

19. The method of claim 15 wherein the metal nitride layer is tantalum nitride. 

20. The method of claim 19 fixrther comprising doping the tantalum nitride with hafiiium 
to create excess holes m the tantalum nitride lattice. 
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21. The apparatus of claim 20 wherein the tantalum nitride has a hole density is 
approximately between 10^20/cm^3 and 10^21/cm^3. 

22. The method of claim 19 further comprising depositing the tantalum nitride in the 
presence of excess nitrogen to create excess holes in the tantalum nitride lattice. 

23. The apparatus of claim 22 wherein the tantalum nitride has a hole density of 
approximately between 1.8*1 0^2 l/cm^3 and 5.4*1 0^2 l/cm^3. 

24. The method of claim 15 wherein the metal oxide layer is tantalum oxide. 

25. The method of claim 24 further comprising doping the tantalum oxide layer with 
haj&iium to create excess holes in the tantalum oxide lattice. 

26. The apparatus of claim 25 wherein the tantalum oxide has a hole density is 
approximately between 10^20/cm^3 and 10^21/cm^3. 

27. The method of claim 24 further comprising depositing the tantalum oxide layer in the 
presence of excess oxygen to create excess holes in the tantalum oxide lattice. 

28. The apparatus of claim 27 wherein the tantalum oxide has a hole density of 
approximately between 7*10'^21/cm^3 and 2.1*10^22/cm^3 
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29. An apparatus comprising: 
a metal nitride layer; 

a polymer ferroelectric layer adjacent to the metal nitride layer; 

a metal oxide layer adjacent to the polymer ferroelectric layer; 

wherein the metal nitride and metal oxide layers include a plurality of electron traps. 

30. The apparatus of claim 29 wherein the polymer ferroelectric layer is polyvinylidene 
fluoride. 

31. The apparatus of claim 29 wherein the polymer ferroelectric layer is a polyvinyUdene 
fluoride trifluoroethylene copolymer. 

32. The apparatus of claim 29 wherein the metal nitride layer is tantalimi nitride. 

33. The apparatus of claim 32 wherein the tantalum nitride is doped with hafiiium to 
create electron traps in the tantalum nitride lattice. 

34. The apparatus of claim 32 wherein the tantalum nitride is deposited in the presence of 
excess nitrogen to create electron traps in the tantalum nitride lattice. 

35. The apparatus of claim 29 wherein the metal oxide layer is tantalum oxide. 



19 



042390.P19022 

Patent 

create electron traps in the tantalum oxide lattice. 



37. r,. appa,^ 3, ^ ^^^^ 

P-^ce of excess oxygen to ct^te eleCn traps in the tantalum oxide lattice. 



in the 



38. A method comprising: 

depositing a metal nitride layer; 

depositing a pol>»er fe.™elec«c layer adjacent to «ke metal nitHde layer 
depositing a metal oxide layer adjacent to the polymer fer^elecWc layer- 

whe.„.hemet.nitrideandmet.„xidelaye.^l„deapl„ralityorelect.ntraps. 

" " " - '-lec«c layer is polyvinylidene 

fluonde. 



; 7 °' - — .ayer is a po«ene 

fluonde trifluoroethylene copolymer. 



41. 1.0 method of claim 38 whe^ the met. nitnde layer is tantalum nitride. 

42. I^emethod Of claim^Ktather composing doping the tant^umni^dewithhaihium 
to create electron traps in the tantalum nitride lattice. 
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43. The method of claim 41 further comprising depositing the tantalum nitride in the 
presence of excess nitrogen to create electron traps in the tantalum nitride lattice. 



44. The method of claim 38 wherein the metal oxide layer is tantalum oxide. 

45. The method of claim 44 further comprising doping the tantalum oxide layer with 
hafiiixmi to create electron traps in the tantalum oxide lattice. 

46. The method of claim 44 further comprising depositing the tantaliun oxide layer in the 
presence of excess oxygen to create electron traps in the tantalum oxide lattice. 
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